Introduction
While morbid obesity remains a health problem in the developed countries, the number of laparoscopic Roux-en-Y Gastric Bypass (RYGB) continues to increase significantly. Between 2004 and 2007, there was a 125% growth in the number of laparoscopic RYGB performed in the United States [1] . Currently, the laparoscopic RYGB is considered by many as the gold standard bariatric procedure [2] [3] [4] . Despite the recognised benefits of a laparoscopic approach (reduction of hospital stay, postoperative pain, and complications when compared to open procedures) [5] , laparoscopic RYGB remains a difficult operation, associated with potentially severe complications [6] . One of the most serious is gastrointestinal leak [7] . In most centers, the risk of anastomotic leak or obstruction has been the rationale for obtaining an Upper Gastrointestinal (UGI) contrast studies following RYGB. However, so far, the role of routine UGI remains at least controversial [6] [7] [8] [9] [10] [11] [12] . While potential advantages of this strategy is early identification and management of anastomotic complications, routine UGI involves many disadvantages as additional cost, discomfort for the patient, risk of irradiation, risk of aspiration pneumonia, and risk of prolonged hospitalisation in case of false positive results [9] . Since the introduction of robotics in the armamentarium of bariatric surgery, several groups have reported a reduced rate of anastomotic complications [13] [14] [15] . However, to the best of our knowledge, there is no data concerning the validity of UGI after a robotic gastrojejunal (GJ) and jejunojenunal (JJ) anastomosis. The aim of the study was to assess the cost of routine UGI and its validity in checking for postoperative complications following robot-assisted RYGB at a single institution.
Materials and methods
Between July 2006 and December 2010, 167 robot-assisted RYGB procedures were performed using the same technique at our institution. Data were entered prospectively into a dedicated bariatric database and retrospectively reviewed. Patients included in this study met the NIH consensus criteria [16] for bariatric surgery and fulfilled the institutional guidelines of medically supervised weight loss and psychological clearance.
All the patients that met the criteria for bariatric surgery were eligible for a robotic approach. There were no selection criteria specific for robotics and the exclusion criteria were the same as for laparoscopy (anesthesiological contraindications, evident hostile abdomen). During the study period, 210 laparoscopic RYGB were performed (55.7%). However, there is a clear trend in favour of robotics, with more than 80% of RYGB performed robotically since the last two years. The choice of the approach was mainly based on the availability of the robotic team and system. As part of the preoperative workup, each patient underwent a medical and surgical evaluation, along with a routine upper endoscopy for evaluation of esophageal and stomach anatomy, hiatal hernia and reflux disorder. Patients did not receive routinely preoperative anticoagulation prophylaxis. Queries on patient demographics, operative variables and complications were performed. Age, gender, preoperative weight and BMI, intraoperative and postoperative complications (30-day morbidity), and readmission within 30 days of surgery were also evaluated. Patients were initially followed up in the outpatient clinic.
Surgical technique
Our technique for robot-assisted RYGB included a laparoscopic cholecystectomy and a laparoscopic creation of the small gastric pouch (around 20-25 ml) in all cases. Then, the da Vinci Surgical System (Intuitive, Sunnyvale, CA) was docked, using a 5-port setting. The GJ was a singlelayer running hand-sewn anastomosis. The JJ consisted in a side-to-side running hand-sewn anastomosis. The GJ was routinely tested for leak with insufflations and simultaneous occlusion of distal jejunum. A closed-suction drain was placed posterior to the GJ in all cases.
Postoperative care and upper gastrointestinal series
Postoperative care was standardised according to a clinical care pathway. All patients remained Nihil Per Os (NPO) until the second postoperative day when an UGI was obtained with gastrografin (Bayer AG, Zürich, Switzerland) at a concentration of 370 mg/ml. The UGI was performed under fluoroscopy in order to evaluate for anastomotic integrity and to exclude any stenosis. The patient was required to swallow between 40 and 60 ml while standing. Images were obtained in anteroposterior, right and left oblique projections, at the level of the gastrojejnual anastomosis. Then 15 minutes later, an additional anteroposterior film was taken to assess emptying of the pouch, passage of contrast through the jejunum, reflux into the duodenum and possible delayed leak. Several attending radiologists interpreted all 167 studies, in cooperation with the different operative surgeons. The cost of this test to the patient was CHF 560.-(= USD 580.-on 10 January 2011). Leaks were defined as evidence of extravasation of contrast material on the UGI or abdominal computed tomography scan or by identification of enteric spill in the drain or at the time of laparotomy [7] . In cases of normal exam, patients were started on a post gastric bypass diet, and the drain was removed 72 hours later.
Once able to tolerate the diet well and meet the discharge criteria, patients were discharged home and followed up with subsequent visits to the outpatient clinic. A 30-day follow-up was available for the entire cohort. 
Results
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The mean operative time was 295.2 minutes (range: 150-600). The procedure that lasted 600 minutes was the first robot-assisted RYGB we performed at our institution. There was one intra-operative complication (0.6%): a misfiring of the stapler leading to a conversion. There was another conversion due to massive adhesions (table 2) . There were a total of 24 postoperative complications (30-day morbidity: 14.4%). Among those, two patients required a reoperation: one for an internal hernia and one for an intra-peritoneal hemorrhage (bleeding from the stapled line). The later stayed at the hospital for 24 days. Concerning the other complications, there were seven pulmonary embolisms and two deep venous thromboses, three neurological complications (two leg paresthesias and one arm dysesthesia), three hemorrhages (one who required reoperation as discussed above and the two remaining necessitating transfusions), two bacteriemias, and one atelectasia. Two patients were readmitted to the hospital: one for a wound infection requiring antibiotics and one for abdominal pain after a large meal. Of note, there was no statistical difference between the operative time of patients that experienced pulmonary embolism or deep venous thrombosis and patients without any thromboembolic complications (335.6 vs. 293 minutes; p = 0.19). There was no intra or postoperative mortality. The mean length of stay was 7.2 days (range: 3-24 days).
Upper gastrointestinal series
All patients underwent a routine postoperative UGI that was well tolerated. There was no leak. In two patients, the results showed a stoma obstruction due to a postoperative edema at the level of the GJ anastomosis (1.2%) ( fig. 1) . The post gastric bypass diet was delayed and the UGI was performed again at postoperative day 4 with resolution of the edema. One patient presented an anastomotic stenosis at the level of the JJ anastomosis with delayed emptying (0.6%) (fig. 2) . The patient was treated conservatively with success as well. Of note, the patients who presented an abnormal UGI study were all symptomatic with early nausea and vomiting. The remaining UGI procedures showed no abnormalities and all of the readmitted patients had an initial normal UGI. The total cost for 167 UGI procedures was CHF 93,520 (= USD 96,886).
Discussion
Currently, one-third of the US population is obese [17] . As more data are accumulated, it is clear that medically super- vised weight loss is inferior to surgery for long-term sustained results [18] . Today, laparoscopic RYGB is seen as the gold standard in the United States [2] [3] [4] . Still, despite this popularity, the laparoscopic approach is associated with specific and severe anastomotic complications. As a result of the potential severity of these complications, routine postoperative UGI with gastrografin has become a common strategy used by many centres. Different groups [6] [7] [8] [9] [10] [11] [12] , however, have studied the role of routine UGI and have found controversial results, bringing into question the appropriateness of its use. Moreover, in the last decade, the introduction of robotics has been seen as a potential evolution to overcome the natural limitations of laparoscopy. Even advanced procedures have been reported with encouraging results [19] [20] [21] [22] .
In the bariatric field, many groups have reported their experience with robotic RYGB [13] [14] [15] [23] [24] [25] [26] [27] . The real advantages continue to be under debate. For example, the operative time, as reported herein, is relatively longer than for laparoscopy. In the present series including the very first cases, the mean operative time was 295 minutes. While recently we have reported a short learning curve associated with the robotic approach and a shorter operative time as well (223 minutes) [27] , it remains true that this approach is still longer than laparoscopy. Overall our recent results compare favourably to the robotic literature [13, 15, 23, 25, 26] . On the other hand, some groups have clearly reported a diminution of anastomotic complications following robotic RYGB when compared to laparoscopy [13] [14] [15] . In a large and recent study, Snyder et al. [15] compared 320 robotassisted RYGB to 356 laparoscopic RYGB. They found a significant reduction of anastomotic leak following robotassisted approach (0% vs. 1.7% after a laparoscopic approach; p = 0.05). In addition, Ayloo et al. [13] compared 45 laparoscopic to 90 robot-assisted RYGB. While not statistically significant, they reported a diminution of marginal ulcer and GJ stenosis following robotic approach. Finally, the interest of robotics in bariatric surgery is obvious in performing a hand-sewn anastomosis that reproduces the open technique. The most serious complication following RYGB is anastomotic leak with an incidence reported somewhere in the range of 0.58% and 4.4% [6] [7] [8] [9] [10] . Hamilton et al. [7] , in a series of 210 patients, noted an incidence of GJ leak of 4.3%. More recently, Doraiswamy et al. [9] reported a leak rate of 0.58% after 516 laparosocpic RYGB. Besides, the incidence of leak following a robotic approach is reported somewhere in the range of 0% and 1.7% [13, 15, [23] [24] [25] [26] [27] . It is clear from these large series that the incidence of GJ leak is low, although it can have devastating results. This has been the rational for obtaining routine UGI following the procedure, to identify and curtail the risk of leak. However, UGI can sometimes fail to detect postoperative GJ leaks, as it was reported by Hamilton et al. [7] with 7 cases of false negative UGI (sensitivity of 22%). In 4 cases, a computed tomography (CT) finally gave the diagnosis of GJ leak. More recently, Doraiswamy et al. [9] showed a UGI sensitivity of 33% and a positive predictive value of only 11.1% for the detection of leak. On the other hand, Serafini et al [8] showed a sensitivity of 66% of UGI to detect a GJ leak. Of note, 75% of their RYGB were performed by an open approach. Finally, in our series of 167 robotassisted RYGB, we have not noticed any gastrointestinal leaks.
Another indication for UGI following RYGB is to rule out a partial or complete obstruction, although reported incidence rates are relatively low, with reported rates in between 0% and 7.2% [6, 9, 13] . Sims et al. [6] identified a rate of 6% for delayed emptying and similar results were reported by others [9] . Moreover, Sims et al. [6] reported 7 patients with complete bowel obstruction (3.5%), while only 3 of them were diagnosed by UGI.
Patients can present with symptoms of vomiting or nausea and epigastric pain due to stoma edema. Most of the stoma obstructions are treated conservatively with intravenous hydration and usually resolve spontaneously [6] . In our series, we reported two patients with GJ edema (1.2%), treated conservatively with success. Like others [7, [9] [10] [11] [12] , we have shown that routine UGI is of limited value. Indeed, in the present series, this exam diagnosed three anastomotic complications (edema and stenosis) in symptomatic patients. Lyass et al. [10] performed radiologic studies only in presence of symptoms (10% of patients). Interestingly, all the asymptomatic patients (n = 327) did not undergo any radiologic study and no complications developed in these patients. Moreover, the patients undergoing UGI are exposed to radiation, as well as the discomfort and added costs. In our study, the total cost was almost US$ 100,000 for the 167 patients, or US$ 580 per patient. While this economical evaluation remains superficial and takes into account only the radiological study and not the overall cost, it remains clear that the price of a hypothetical leak is very high. Yet, as reported recently [28] , we have shown that the use of the robotic technology is cost effective when compared to open and laparoscopy by avoiding anastomotic complications and reducing the stapler use. Finally, as reported by others [6] , the interest of UGI for an early radiological detection of a leak can result in a significant shorter hospital stay when compared to a clinical leak (7.7 days vs. 40.2 days for a clinical leak, p <0.03). We are unable to confirm these findings, since we had no leak following robotic anastomoses. Thus, the money saving is important in a specialised centre where the leak rate is very low. Yet, the robotic charges are important as well, and should be taken into consideration. We believe that in experienced centres, it is not necessary to perform routine UGI unless clinical signs of a leak exist or if technical difficulties were encountered when performing the anastomosis. Hamilton et al. [7] have also shown that reliance should be placed on clinical signs such as the presence of tachypnea or respiratory distress, diminution of urine output and tachycardia (with heart rate exceeding 120 beats per minute). In their series, UGI detected only 22% of the leak, however with 100% of specificity. In fact, patients with severe tachycardia and respiratory distress had a 20% chance of harbouring a leak [7] . Besides, others reported fever, vomiting and leukocytosis at postoperative day 1 as additional clinical parameters associated to a leak [9, 11] .
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Of note, at our institution, the hospital stay was clearly longer than those previously reported [7, 9] , reflecting probably the difference in health system between Europe and North America. This longer hospital stay may allow a longer clinical surveillance as well. Thus, in the era of robotics, where the risk of anastomotic leak seems low and maybe lower than after a laparoscopic approach, it appears clear that this type of examination should be selectively proposed to symptomatic patients. In cases of doubt, a prompt CT scan of the abdomen with oral and intravenous contrast or an exploratory laparoscopy should be performed. To address this, we have developed a decisional algorithm integrating these findings ( fig. 3 ).
Conclusions
In most centres, the risk of anastomotic leak has been the rationale for obtaining an UGI following RYGB. However, in the robotic era, it is clear from this study that the incidence of acute anastomotic complications is very low, although they can have devastating results. The authors show this exam to be expensive and of limited value in an experienced centre and propose a decisional algorithm to determine when its use could be appropriate in symptomatic patients. This algorithm is currently under evaluation.
Figures (large format)
Figure 1
Upper Gastrointestinal series showing a stomal obstruction at the level of the gastrojejunal anastomosis.
Figure 2
X-ray showing a stenosis at the level of the jejunojejunal anastomosis.
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